Background: Asphalt fumes consist of the gases and vapor emitted from the heated asphalt as well as the aerosols and mists resulting from their condensation after volatilization. Moreover, asphalt workers are exposed to variety of asphalted fumes and dusts, which can exert their toxic effects via production of reactive oxygen species. The spectrum of oxidative DNA damage includes strand breaks. Information on genotoxic risk for bitumen workers is limited. Objective: The aim of the present study was biomonitoring of genotoxicity and different antioxidant enzymes activity of workers occupationally exposed to asphalted fumes. Methods: It was conducted on fifty male workers employed in asphalted and proofing materials manufacturing. Fifty subjects were recruited as a control group matched for age, sex and socio-economic status. Results: revealed that high significant association in the levels of genotoxicity (DNA single strand breaks and urinary thioethers) and slightly significant reduction in the levels of antioxidant enzymes (SOD and CAT) and significant increase in GSH levels in exposed workers in comparison with control group. Moreover, level of Sulphur dioxide and Nitrogen dioxide did not exceed the standards Particulate matter which is exceeded the standard limits of indoor air quality. Conclusion: Present data indicate that asphalted fumes exposed workers exhibit an increase in GSH levels and oxidative stress induced by fumes may partly be attributed to the inhibited activities of SOD and CAT as well as increase in the potentials genotoxic risks by increasing the percentage of DNASSB and increase excretion of urinary thioethers.
INTRODUCTION
There is specific concern about the potential carcinogenicity of occupational exposure to bitumen fumes and aerosols. Moreover, asphalt makers are exposed to variety of asphalted fumes and dusts, which can exert their toxic effects via production of reactive oxygen species (ROS). (9) ROS are believed to cause lipid peroxidation that in turn damages the biological membranes. Antioxidants such as enzymatic and non-enzymatic defense system are necessary to prevent the expected cellular damage. Smokers, are also exposed to significant quantities of ROS. (10) The concentrations of ROS have to be controlled by several defense mechanisms, which involve also a number of antioxidant and detoxifying enzymes. Their induction reflects a specific response to pollutants. A balance between free radical reactions and antioxidant activities is very important for normal liver functioning. This balance is altered in pathological processes. (11) The aim of the present study was to biomonitoring of genotoxicity and different antioxidant enzymatic activities among workers occupationally exposed to asphalted fumes.
SUBJECT AND METHODS
The present study included 50 workers selected randomly from asphalt and proofing materials company, and 50 subjects selected from administrative departments and occupationally exposed to asphalt fumes as a control group. Verbal consent, approval of the Ethical committee was obtained. All participants signed individual consents prior to the study, occupational and medical questionnaire was completed with the workers through personal interview.
Subjects with history of liver diseases, respiratory illness, or hospitalization for surgery were excluded from the study. (14) , which was based on the disappearance of H2O2 in the presence of enzyme source at 26°C and GR activity according to Oldberg and Spooner. (15) Spot urine samples were collected from all subjects for analysis of thioether levels in urine. Urinary thioethers were determined after alkaline hydrolysis as described by
Vainio et al (16) .
Environmental monitoring of Sulphur
Dioxide ( Table 3 showed higher significant levels of DNASSB % and thioethers levels in asphalt exposed workers relative to control group. Table 5 showed direct positive correlation in the levels of DNASSB and thioethers in exposed workers in comparison with control subjects. There is indirect negative correlation between antioxidant enzymatic activities in exposed workers and such changes might be due to exposure to asphalted fumes. (16) Environmental pollutants, such as asphalt fumes and others reactive chemicals have been shown to contribute to the production of oxidative stress both in vitro and in vivo. (17) (18) (19) Results showed that the erythrocyte SOD activity of exposed workers was higher than that at the control subjects, and that smoking status and the number of cigarettes smoked, but not exercise, affected SOD levels. The latter findings are consistent with those of recent studies. (20, 21) , who reported that exercise, working conditions, meat intake, body mass index and smoking influence oxidative DNA damage.
RESULTS AND DISCUSSION
The erythrocyte GSH levels in exposed workers were higher than those of control subjects. The relatively large variations of the SOD activity and the GSH levels at these two groups may partly be explained by smoking and duration of employment. It was found that smokers had significantly higher blood SOD activities and lower GSH levels than the nonsmokers.
Detailed analysis of the frequency of exposures (24) , there was an increase in the SOD levels of people working with paint thinner compared with controls. However, others study found that workers exposed to a mixture of hydrocarbons, the SOD activities showed no significant changes. (25, 26) Figure 1 illustrate mean levels of genotoxicity and antioxidant activity in exposed workers in comparison with control where some parameters showed high significant increase in its levels and others showed reduced effects.
In this study, asphalt fume exposure was also associated with significant increases The present study and previous reports are consistent and show changes in DNA strand break frequency in workers occupationally exposed to bitumen-based products. (27) Recent in vitro study on DNA adduct formation indicated that bitumen fume condensates induced significant amounts of DNA adducts and that these levels are higher Thus the study provides further evidence to dysregulation of antioxidant/oxidant balance and risks of tumors formation among workers exposed to asphalt fumes vapors.
